Searching PAJ 



1/2 ^—V 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 63-31 8742 

(43)Date of publication of applicati n : 27.12.1988 



(51)IntCl. 




H01L 21/318 








H01L 21/316 








H01L 21/92 




(21 Application number 


62-156346 


(71)Applicant 


: HITACHI LTD 


(22)Date of filing: 


22.06.1987 


(72)Inventor : 


OWADA NOBUO 

— i 



(54) SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE AND MANUFACTURE 
THEREOF 

(57)Abstract 



PURPOSE: To improve the moisture resistance of a 
protective film for a semiconductor integrated circuit 
device, in which a bump is formed to a wiring through 
an opening shaped to the protective film, by 
c mposing the protective film of an insulating film for 
flattening the surface, an silicon nitride film formed 
onto the insulating film and an silicon oxide film 
shaped onto the silicon nitride film. 
CONSTITUTION: In a semiconductor integrated 
circuit device in which a bump 28 is shaped to a 
wiring 21 through an opening formed to a protective 
film 25, said protective film 25 is constituted of ah 
insulating film 22 for flattening the surface, an silicon 




nitride film 25 shaped onto the insulating film, and an 
silicon oxide film 24 formed onto the silicon nitrite 
film 23. The insulating film 22 for flattening the 
surface is shaped onto the wiring 21 such as wirings 
21aW21c for a bipolar LSI through the bias sputtering 
of Si02, etc., and the silicon nitride film 23 such as 

the SiN film 23 is formed onto the insulating film 22 through plasma CVD. The silicon oxide 
film 24 such as the SiO film 24 is shaped onto the SiN film 23 through plasma CVD. 
Accordingly, the protective film 25 is formed, an opening 25a is shaped to the specified 
section of the protective film 25, and the solder bump 28 is formed through a Cr film 26, a Cu 
film 34 and an Au film 35. 
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Specificati n 



1. Title of th invention 

Semiconductor integrated circuit device and production method thereof 

2. Claims 
Claim 1. 

A semiconductor integrated circuit device in which bumps are provided on the wiring 
through openings formed in the protective coating, characterized by the fact that the 
protective coating consists of an insulating film for flattening the surface, a silicon nitride 
film on the insulating film, and a silicon oxide film on the silicon nitride film. 

Claim 2. 

The semiconductor integrated circuit device according to Claim 1 characterized by the 
fact that the insulating film is a silicon oxide film formed by bias sputtering. 

Claim 3. 

The semiconductor integrated circuit device according to Claim 1 characterized by the 
fact that the insulating film is a silicon oxide film formed by plasma CVD combined with 
sputter etching. 

Claim 4. 

The semiconductor integrated circuit device according to any one of Claims 1 to 3 
characterized by the fact that the silicon nitride film is a silicon nitride film formed by 
plasma CVD. 

Claim 5. 

The semiconductor integrated circuit device according to any one of Claims 1 to 4 
characterized by the fact that the package of the semiconductor integrated circuit device 
is a norr hermetically sealed package. 
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Claim 6. 

The s miconductor integrated circuit device according to Claim 5 characterized by the fact 
that the package is a pin grid array package. 

Claim 7. 

The semiconductor integrated circuit device according to any one of Claims 1 to 6 
characterized by the fact that the semiconductor integrated circuit device is a bipolar LSI. 

Claim 8. 

A method for producing a semiconductor integrated circuit device in which bumps are 
provided on the wiring through openings formed in the protective coating characterized by 
comprising the steps of forming an insulating film for flattening the surface so as to fill 
grooves between the wiring; and forming a silicon nitride film on the insulating film ; and 
forming a silicon oxide film on the silicon nitride film wherein the protective coating 
consists of the insulating film, the silicon nitride film, and the silicon oxide film. 

Claim 9. 

The method for producing a semiconductor integrated circuit device according to Claim 8 
characterized by the fact that the insulating film is a silicon oxide film and the silicon 
oxide film is formed by bias sputtering. 

Claim 10. 

The method for producing a semiconductor integrated circuit device according to Claim 8 
characterized by the fact that the insulating film is a silicon oxide film and the silicon 
oxide film is formed by plasma CVD combined with sputter etching 

Claim 11. 

The method for producing a semiconductor integrated circuit device according to any one of 
Claims 8 to 10 characterized by the fact that the silicon nitride film is formed by plasma 
CVD. 
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Claim 12. 

The method for producing a semiconductor integrated circuit device according to any one of 
Claims 8 to 11 characterized by the fact that the semiconductor integrated circuit device 
has a non-hermetically sealed package. 

Claim 13. 

The method for producing a semiconductor integrated circuit device according to Claim 13 
characterized by the fact that the package is a pin grid array package. 

Claim 14. 

The method for producing a semiconductor integrated circuit device according to any one of 
Claims 8 to 13 characterized by the fact that the semiconductor integrated circuit device is 
a bipolar LSI. 

3. Detailed explanation of the invention 
[Scope of the invention] 

The present invention relates to a semiconductor integrated circuit device and production 
method thereof, and relates in particular to technology usefully applied to a semiconductor 
integrated circuit device in which bumps are provided to the wiring through openings 
formed in the protective coating. 

[Prior art technology] 

In accordance with higher speed and more highly integrated LSIs, reduced signal delay 
times and higher density mounting have come to be recently required to a great extent in 
LSI mounting. So-called CCB (Controlled Collapse Bonding) is an important technique 
for connections. As is reported in the IBM Journal of Research and Development, May 
1969, silicon dioxide (SiOd is used as a protective coating of LSI chips where the CCB 
connection technique is used. 
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[Problems overcome by the invention] 

However, the inventors found that only hermetically sealed packages are usable for those 
LSIs in which a SiCh protective coating is adopted because of low moisture resistance. 

The purpose of the present invention is to provide a technique to improve the protective 
coating in moisture resistance. 

The above and other purposes and novel properties of the present invention will be 
apparent from the description and attached drawings of the specification. 

[Problem resolution means] 

Among the inventions disclosed in this application, a representative invention is 
summarized as follows. 

According to the first invention, the protective coating consists of an insulating film for 
flattening the surface, a silicon nitride film on the insulating film, and a silicon oxide film 
on the silicon nitride film. 

According to the second invention, a protective coating is provided by forming an 
insulating film for flattening the surface so as to fill grooves between the wiring; forming a 
silicon nitride film on the insulating film; and forming a silicon oxide film on the silicon 
nitride film wherein the protective coating consists of the insulating film , silicon nitride 
film, and silicon oxide film. 

[Operation] 

According to the first invention described above, the protective coating comprises a silicon 
nitride film having moisture resistance. In addition, formed on the surface -flattening 
insulating film, the silicon nitride film is uniform in thickness and quality even where the 
grooves between the wiring have larger aspect ratios. Therefore, the protective coating 
has improved moisture resistance. 

According to the second invention described above, a silicon moisture resistant nitride film 
is formed. In addition, formed on the surface-flattening insulating film , the silicon nitride 
film is uniform in thickness and quality even where the grooves between the wiring have 



larger aspect ratios. Therefore, a protective coating having excellent moisture resistance 
is formed. 

[Embodiment] 

An embodiment is described hereafter, with reference to the drawings. 

The same reference numbers are given to the functionally same elements throughout the 
drawings and an explanation of these is not repeated. 

Fig.l is a cross section showing essential elements of a bipolar LSI of an embodiment of 
the present invention. 

As is shown in Fig.l, the bipolar LSI of this embodiment has, for example, an n + buried 
layer 2 on the surface of for example a p-type silicon semiconductor chip (semiconductor 
substrate) 1. For example an n-type silicon epitaxial layer 3 is provided on the 
semiconductor chip 1. A field insulating film 4, for example a Si02 film, is provided on 
epitaxial layer 3 in a specific position, which serves as a separator between elements as 
well as within an element. For example a p +_ type channel stopper region 5 is provided 
below the field insulating film 4. For example a p'type intrinsic base region 6 and for 
example a p + -type graft base region 7 are provided in the epitaxial layer 3 at the part 
surrounded by the field insulating film 4. For example an n + -type emitter region 8 is 
provided in the intrinsic base region 6. The emitter region 8, intrinsic base region 6, and 
collector region consisting of the epitaxial layer 3 and buried layer 2 below the intrinsic 
base region 6 constitute an npn*type bipolar transistor. The reference number 9 indicates 
for example an n + type collector pick-up region connected to the buried layer 2. The 
reference number 10 indicates an insulating film, for example a SiC>2 film, provided as 
continuous part of the field insulating film 4. The insulating film 10 has openings 10a to 
10c corresponding to the graft base region 7, emitter region 8, and collector pick*up region 
9, respectively. A polycrystal silicon base lead electrode 11 is connected to the graft base 
region 7 via the opening 10a. A polycrystal silicon emitter electrode 12 is provided on the 
emitter region 8 via the opening 10b. The reference numbers 13 and 14 indicates for 
example Si02 insulating films. 

The reference numbers 15a to 15c indicate the first level of, for example, aluminum wiring. 
The wiring 15a is connected to the base lead electrode 11 via an opening 14 a formed in the 
insulating film 14, the wiring 15b is connected to the polycryatal silicon mitter electrode 
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12 via the opening 14b, and the wiring 15c is connected to the collector pick-up region 9 via 
the openings 14c and 10c. Th reference number 16 indicates an interlayer insulating 
film, for example, consisting of a SiN film formed by plasma CVD, a spin-on glass (SPG), 
and a SiO film formed by plasma CVD. The second level of, for example, aluminum 
wiring 17 is provided on the interlayer insulating film 16. Wiring 17 is connected to the 
wiring 15c via a through-hole 16a formed in the interlayer insulating film 16. The 
through-hole 16 is stepped so as to improve the step coverage of the wiring 17 in the 
through- hole 16a. The reference number 18 indicates an interlayer insulating film 
similar to the interlayer insulating film 16. The third level of for example aluminum 
wiring 19a to 19c is provided on the interlayer insulating film 18. The wiring 19a is 
connected to the wiring 17c via a through-hole 18a formed in the interlayer insulating film 
18. The reference number 20 indicates an interlayer insulating film similarly to the 
interlayer insulating films 16 and 18. The fourth level of for example aluminum wiring 
21a to 21c is provided on the interlayer insulating film 20. The wiring 21a to 21c is made 
larger in thickness for larger electric currents, for example having a thickness of 2um. 
The grooves between the wiring 21a to 21c has a width of, for example, 2jim. Therefore, 
the grooves have a relatively large aspect ratio (groove depth / groove width) of 1. 

The reference number 22 is for example a Si02 insulating film for flattening, which is 
formed by for example S1O2 bias sputtering or plasma CVD combined with sputter etching. 
Completely filling the grooves between the wiring 21a to 21c, the insulating film 22 has a 
nearly flat surface. The insulating film 22 can be a silicate glass film such as PSG 
(phospho-silicate glass), BSG (boro-silicate glass), and BPSG (boro-phospho-silicate glass), 
formed by normal pressure CVD combined with sputter etching. A SiN film 23 is 
provided on the insulating film 22, which is formed for example by plasma CVD. As is 
well known, the SiN film 23 has moisture resistance. In this case, the insulating film 22 
has a flat surface including the regions of the grooves between the wiring 21a to 21c. 
Therefore, the SiN film 23 also has a flat surface and is uniform in thickness and quality. 
This can result in improving the protective coating 25, described hereafter, in terms of 
moisture resistance, in comparison with the prior art. This allows the LSI to have a 
non-hermetically sealed package. A SiO film 24 formed by plasma CVD, for example, is 
provided on the SiN film 23. The insulating film 22, SiN film 23, and SiO film 24 
constitute the chip protective coating 25. The SiO film 24 serves to ensure the bond 
performance of a chrome (Cr) film 26, described hereafter, to the protective coating 25 and 
to prevent the SiN film 23 from being etched during the dry etching of the Cr film 26. 



An opening 25a is formed in the protective coating 25 through which, for example, a Cr 
film 26 is provided on the wiring 21b. A lead (Pb) - Sn alloy solder bump 28 is provided 
on the Cr film 26 via, for example, copper (Cu) - tin (Sn) intermetallic compound film 27. 
Fig. 2 is a cross section of a pin grid array (PGA) package in which the bipolar LSI of Fig. 1 
is sealed. 

As shown in Fig.2, in the pin grid array package, a semiconductor chip 1 is connected to a 
chip charier 29 made of for example mullite (3Ah03'2Si02) through the solder bump 28. 
The reference number 30 indicates a cap made of silicon carbide (SiC). The back surface 
of the semiconductor chip 1 (the surface with no elements formed) is in contact with the 
cap 30 via, for example, solder wax 31, which allows efficient heat dissipation from the 
semiconductor chip 1 to the cap 30. When the package is mounted on a module board, the 
cap 30 makes contact with a heat dissipation fin (not shown) for efficient heat dissipation 
from the package. The reference number 32 is a resin, for example epoxy resin. The 
epoxy resin 32 seals the semiconductor chip 1. Hence, the package is a non- hermetically 
sealed package. As described above, the protective coating has excellent moisture 
resistance and therefore allows the use of a non* hermetically sealed package, resulting in 
reduced package prices. The reference number 33 indicates input/output pins. The 
input/output pins 33 are connected to the solder bump 28 via multilevel wiring (not shown) 
provided to the chip charier 29. 

A method for producing the bipolar LSI shown in Fig. 1 is described next. The process 
steps until the interlayer film 20 is obtained are omitted. 

As is shown in Fig.3, after the wiring 21a to 21c are formed on the interlayer insulating 
film 20, the insulating film 22, for example a SiCh film, is formed by, for example, Si02 bias 
sputtering or plasma CVD combined with sputter etching. As described above, the 
insulating film 22 has a nearly flat surface. Assuming the grooves between the wiring 
21a to 21c are 2\im both in depth and length, the insulating film 22 can obtain a nearly flat 
surface with a film thickness of 3.5pm by means of Si02 bias sputtering or a film thickness 
of 1.5pm by means of plasma CVD combined with sputter etching. 

As shown in Fig.4, the SiN film 23 having a thickness of, for example, 5000A is formed on 
the insulating film 22, for example, by plasma CVD. 



9 

Then, as is shown in Fig.5, the SiO film 24 having a thickness of, for example, lum is 
formed on the SiN film 23, for example, by plasma CVD, thereby forming a protective 
coating having 25 exc Uent moisture resistance. 

Then, as shown in Fig.6, the protective coating 25 is etched and removed in a specific 
region to form the opening 25a where the surface of the wiring 21b is exposed. Then, the 
Cr film 26 is blanket deposited to a thickness of, for example, 2000A followed by the Cu 
film 34 to a thickness of for example 500A and a gold (Au) film 35 to a thickness of, for 
example, 1000A. Then, the Au film 35, Cu film 34, and Cr film 26 are etched and 
patterned into a specific fashion. Here, the Au film 35 serves to prevent oxidation of the 
Cu film 34 and the Cu film 34 serves to ensure wetting properties on the substrate of the 
solder bump 28. For example, the Au film 35 and Cu film 34 can be wet etched and the 
Cr film 26 can be dry etched using, for example mixed CF4 and O2 gas. As described 
above, the SiO film 24 serves as a etching stopper during dry etching, preventing the 
underlying SiN film 23 from being etched. The Au film 35, Cu film 34, and Cr film 26 are 
generally referred to as BLM (Ball Limiting Metallization). 

As shown in Fig.7, after a specific resist pattern 36 is formed on the SiO film 24, Pb film 37 
and Sn film 38 are sequentially formed, for example, by blanket deposition. The Au film 
336, Cu film 34, and Cr film 26 are covered with the Pb film 37 and Sn film 38. The 
thicknesses of the Pb film 37 and Sn film 38 are selected in a manner in which the solder 
later formed bump 28 has a specified Sn content. 

Then, the resist pattern 36 is removed together with the Pb film 37 and Sn film 38 formed 
thereon (so called lift-off technique), which is followed by heating at a specific temperature. 
This alloys the Pb film 37 and Sn film 38 to create a nearly spherical Pb-Sn alloy solder 
bump 28. During the alloying, Sn in the Sn film 38 is alloyed with Cu in the Cu film 34, 
forming the Cu-Sn inter- metallic compound 27 between the solder bump 28 and the Cr 
film 26. In practice, the solder bump 28 contains Au from the Au film 35. 

The present invention is described hereafter based on the embodiment. However, the 
present invention is not confined to this and various modifications are available within the 
scope of the present invention. 



10 

For example, the solder bump 28 is used to connect the semiconductor chip 1 to the chip 
charier 29 in the mbodiment above. This solder bump 28 can be used to connect plural 
semiconductor chips 1 to one another. The present invention can be applied to various 
types of semiconductor integrated circuit devices that have bump connections. 

[Efficacy of the invention] 

The representative efficacies disclosed in this specification are as follows. 

The protective coating is improved in moisture resistance according to the first invention. 

Protective coating having excellent moisture resistance is formed according to the second 
invention. 
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4. Brief explanation of the drawings 

Fig. 1 is a cross section showing the essential elements of a bipolar LSI according to an 
embodiment of the present invention. 

Fig. 2 is a cross section showing a pin grid array package in which the bipolar LSI shown in 
Fig.l is sealed. 

Figs. 3 to 7 are cross sections showing the manufacturing processes of the bipolar LSI 
shown in Fig.l. 

In the figure^ 

1.. .semiconductor chip, 6... intrinsic base region, 3... emitter region, 16, 18, 20...interlayer 
insulating film, 21a to 21c. .wiring, 22... insulating film (insulating film for flattening the 
surface), 23...SiN film, 23...SiO film, 25... protective coating, 26... Cr film, 
27... intermetallic compound layer, 28... solder bump, 29... chip carrier, 32... resin, 34... Cu 
film, 35... Au film, 37... Pb film, 38... Sn film. 



Representative Nobuyoshi Akita, Patent Attorney 
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